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(54) VARIABLE VALVE SYSTEM DEVICE OF INTERNAL COMBUSTION ENGINE 
(57)Abstract 

PURPOSE: To lower oil temperature by way of restraining output of 
an engine at the time when lubricating oil temperature excessively 
rises and to restrain causing of torque fluctuation as a plural 
number of variable valve mechanisms are switched simultaneously. 
CONSTITUTION: A valve lift adjusting mechanism 40 switches a 
cam to drive a suction valve by connection or disconnection of a 
main locker arm and a sub locker arm 2 to or from each other to a 
cam for low speed and a cam for high speed in accordance with a 
driving condition. A valve timing adjusting mechanism 70 delays and 
advances opening and closing time of the suction valve by way of 
relatively rotating a cam pulley 71 and a camshaft 72 synchronizing 
with a crankshaft These switchover are carried out by hydraulic 
pressure through hydraulic pressure changeover valves 45, 79. At 
the time when lubricating oil temperature detected by an oil 
temperature sensor 80 rises excessively, the hydraulic pressure 
changeover valve 79 of the valve timing adjusting mechanism 70 is 
switched OFF first, and thereafter, the hudraulic pressure 
changeover valve 45 of the valve lift adjusting mechanism 40 is 
switched OFF; 
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VARIABLE VALVE DEVICE FOR AN INTERNAL COMBUSTION ENGINE 
(57) Abstract 

Purpose: To lower the oil temperature by suppressing the output of an engine when the lubricating oil 
temperature rises excessively in addition to preventing the occurrence of a large torque fluctuation 
when a plurality of variable valve mechanisms switch at one time. 

Constitution: A valve lift adjusting mechanism 40 switches a cam that drives the air intake valve by 
the connection or release of a main locker arm 1 and a sub locker arm 2 to either a low speed cam or 
a high speed cam depending on the driving conditions. A valve timing adjusting mechanism 70 
delays and advances the opening and closing times of an air intake valve by relatively rotating a cam 
pulley 7 1 and a cam shaft 72 which synchronize with a crank shaft. These switches are performed by 
hydraulic pressure through hydraulic switching valves 45, 79. When lubricating oil temperature is 
detected by an oil temperature sensor 80 to have risen excessively, the hydraulic switching valve 79 
of the valve timing adjusting mechanism 70 is switched off first, and the hydraulic switching valve 45 
of the valve lift adjusting mechanism 40 is switched off thereafter. 

Scope of Claims 
Claim 1 

A variable valve device for an internal combustion engine, comprising: a plurality of variable valve 
mechanisms for changing consecutively or gradually the valve lift properties of an air intake vale or 
an exhaust valve according to the supply or stoppage of hydraulic pressure to an actuator, a plurality 
of hydraulic pressure control valves for controlling the respective hydraulic supplies to the actuators 
of each variable valve mechanism; a control means for outputting a control signal to each of the 
hydraulic pressure control valves according to engine driving conditions; an oil temperature detection 
means for directly or indirectly detecting the lubricating oil temperature of an internal combustion 
engine; a hydraulic supply prohibiting means for prohibiting hydraulic supply by way of the 
hydraulic pressure control valve when the detected oil temperature exceeds a preset temperature; and 
A variable valve device for an internal combustion engine comprises a plurality of variable valve 
mechanisms in which respective preset temperatures are different for hydraulic supplies provided 
within the plurality of variable valve mechanisms under the same engine driving conditions. 
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Claim 2 



A variable valve device for an internal combustion engine according to claim 1, wherein the preset 
temperature of the variable valve mechanism in which the valve lift properties are changed 
consecutively is set to be lower than the preset temperature of the variable valve mechanism in which 
the valve lift properties are changed gradually. 

Claim 3 

A variable valve device for an internal combustion engine according to claim 2, wherein the 
hydraulics stoppage operation of the variable valve mechanism in which the valve lift properties are 
changed gradually is delayed until the driving condition reaches the hydraulic stoppage condition 
after the detected oil temperature exceeds the preset temperature. 

Claim 4 

A variable valve device for an internal combustion engine according to either claim 2 or 3, wherein 
the variable valve mechanism in which the valve lift properties are changed consecutively is a valve 
timing adjusting mechanism that changes phasing of a cam shaft in relation to a crank shaft; and the 
variable valve mechanism in which the valve lift properties are changed gradually is a valve lift 
adjusting mechanism that selectively transfers lift from either a low speed cam or a high speed cam to 
air intake and exhaust valves. 

Claim 5 

A variable valve device for an internal combustion engine according to claim 1, wherein variable 
valve mechanisms are established for the air intake valves and exhaust valves respectively, and the 
preset temperature of the variable valve mechanism of the exhaust side is set lower than the preset 
temperature of the variable valve mechanism of the air intake side. 

Detailed Description of the Invention 

0001 

Industrial Applications 

The present invention relates to a variable valve device to variably control valve lift properties of an 
air intake valve or exhaust valve (expressed both herein as air intake and exhaust valves) of an 
internal combustion engine according to the engine driving conditions. 

0002 
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Prior Art 



Valve devices of internal combustion engines generally transfer cam lift to air intake and exhaust 
valves through locker arms and swing arms and are constructed to push open the air intake and 
exhaust valves which are energized in the closed position by a valve spring; and because favorable 
valve lift properties are respectively different for low speed range and high speed range of engines, 
there are various variable valve devices proposed to enable switching valve lift properties depending 
on driving conditions. One example thereof is Japanese Laid Open Patent Publication S63-167016 
which is known to have a construction in which a low speed cam and high speed cam of differing 
profiles are arranged in parallel to a cam shaft and can switch the main locker arm and sub-locker are 
driven by each respectively to a connected state or released state as necessiary. Moreover, a high 
speed cam, generally, is set to have a larger cam lift and longer valve open time compared to a low 
speed cam. 

0003 

In addition, a variable valve device using a valve timing adjusting mechanism has been partially 
adopted conventionally to delay or advance the valve timing for air intake and exhaust valves to open 
and close by changing the phases of the cam shaft in relation to the crank shaft. In other words, with 
this device, the operational center angle (the center crank angle between the open time and close time) 
can be changed without changing the condition of the valve lift properties. 

0004 

Further, a variable valve device that combines the former valve lift adjusting mechanism by way of 
cam switching with the latter valve timing adjusting mechanism is also proposed. By combining both, 
the valve lift can be dramatically changed while variably controlling the open time and closed time 
enabling all the more suitability to demands under different driving conditions. 

0005 

Problems Overcome by the Invention 

Variable valve mechanisms such as a valve lift adjusting mechanism and a valve timing adjusting 
mechanism described above, are generally constructed with a hydraulic pressure drive and switch by 
supplying or stopping the lubricating hydraulic pressure of an internal combustion engine to the 
actuator. 

0006 

However, the viscosity of the lubricating oil decreases when the temperature of the lubricating oil 

rises to exceed 100 °C resulting in insufficient lubrication for the sliding members. At which point, 
a proposal to promote an aggressive reduction in temperature has already been given (see Japanese 
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Patent Publication H5-159124) in which the temperature of lubricating oil can be directly or 
indirectly detected and when such detected oil temperature rises to exceed a preset temperature, the 
oil supply to the variable valve mechanism can be stopped thereby devising output reduction and 
preventing further rise in oil temperature. 

0007 

However, when hydraulic supply is stopped suddenly to each variable valve mechanism with an 
accompanying rise in temperature in an internal combustion engine that comprises a plurality of 
variable valve mechanisms such as a valve lift adjusting mechanism and a valve timing adjusting 
mechanism, an extremely large torque change occurs suddenly at once which can cause a sense of 
discomfort in the driver. 

0008 

Problem Resolution Means 

Therefore, the present invention comprises a plurality of variable valve mechanisms for changing 
consecutively or gradually the valve lift properties of an air intake vale or an exhaust valve according 
to the supply or stoppage of hydraulic pressure to an actuator, a plurality of hydraulic pressure control 
valves for controlling the respective hydraulic supplies to the actuators of each variable valve 
mechanism; a control means for outputting a control signal to each of the hydraulic pressure control 
valves according to engine driving conditions; an oil temperature detection means for directly or 
indirectly detecting the lubricating oil temperature of an internal combustion engine; a hydraulic 
supply prohibiting means for prohibiting hydraulic supply by way of the hydraulic pressure control 
valve when the detected oil temperature exceeds a preset temperature; wherein a plurality of variable 
valve mechanisms in which respective preset temperatures are different for hydraulic supplies 
provided within the plurality of variable valve mechanisms under the same engine driving conditions. 

0009 

In particular to the invention that relates to claim 2, the preset temperature of the variable valve 
mechanism in which the valve lift properties are changed consecutively is set to be lower than the 
preset temperature of the variable valve mechanism in which the valve lift properties are changed 
gradually. 

0010 

Further with the invention that relates to claim 3, the hydraulics stoppage operation of the variable 
valve mechanism in which the valve lift properties are changed gradually is delayed until the driving 
condition reaches the hydraulic stoppage condition after the detected oil temperature exceeds the 
preset temperature. 

0011 
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As shown in claim 4, the variable valve mechanism in which the valve lift properties are changed 
consecutively is a valve timing adjusting mechanism that changes phasing of a cam shaft in relation 
to a crank shaft; and the variable valve mechanism in which the valve lift properties are changed 
gradually is a valve lift adjusting mechanism that selectively transfers lift from either a low speed cam 
or a high speed cam to air intake and exhaust valves. 

0012 

Moreover, with the invention given in claim 5, variable valve mechanisms are established for the air 
intake valves and exhaust valves respectively, and the preset temperature of the variable valve 
mechanism of the exhaust side is set lower than the preset temperature of the variable valve 
mechanism of the air intake side. 

0013 

Operation 

With the invention that relates to claim 1, although lift properties can be changed when hydraulics are 
supplied to the actuator of each variable valve mechanism by prohibiting the hydraulics supply to 
each variable valve mechanism when the lubricating oil temperature rises excessively, hydraulics 
supply prohibition is executed sequentially to each variable valve mechanism. In other words, the 
plurality of variable valve mechanisms are not switched all at once based on oil temperature thereby 
moderating the torque change. 

0014 

In particular with the invention that relates to claim 2, at the time oil temperature rise, the hydraulic 
supply is cut to the variable valve mechanism in which the valve lift properties are changed 
consecutively first and then the hydraulic supply is cut to the variable valve mechanism in which the 
valve lift properties are changed gradually. 

0015 

Further with the invention that relates to claim 3, the hydraulic stoppage operation of the latter 
variable valve mechanism in which the valve lift properties are changed gradually is not done forcibly 
during hydraulic supply but prohibition of the hydraulic supply is done when the driving condition 
reaches the hydraulic stoppage condition after the detected oil temperature exceeds the preset 
temperature. In this way, torque conversion is not done all of a sudden. 

0016 

The valve timing adjusting mechanism described in claim 4 gradually changes the valve lift 
properties by changing the phasing of the cam shaft in relation to the crank shaft. Further, the valve 
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lift adjusting mechanism gradually changes the valve properties by selectively transferring the lift of 
either the low speed cam or the high speed cam to the air intake and exhaust valves. 

0017 

With the invention given in claim 5, at the time oil temperature rise, the hydraulic supply is cut first to 
the variable valve mechanism of the exhaust side which has a smaller impact on torque and then the 
hydraulic supply is cut to the variable valve mechanism of the air intake side next. 

0018 

Embodiments 

A detailed description of one Embodiment of the present invention will be given hereafter based on 
Drawings. 

0019 

FIG. 1 shows one Embodiment of the variable valve device that equips a valve lift adjusting 
mechanism 40 and a valve timing adjusting mechanism 70 as variable valve mechanisms on the air 
intake valve 9 side. 

0020 

First, a description will be given of the valve lift adjusting mechanism 40. As shown in FIG. 2 and 
FIG. 3, a single main locker arm 1 is provided for a pair of air intake valves 9 on each cylinder. The 
base end of the main locker arm 1 is supported on each cylinder with the ability to swing on the 
cylinder head 69 through the common main locker shaft 3. An adjusting screw 10 is secured to the tip 
of the main locker arm 1 through a nut 1 1 so as to abut with the top of the stem of each air intake valve 
9. 

0021 

A roller 14 is supported on the main locker arm 1 through the needle bearing so as to rotate freely on 
a shaft 13, and the low speed cam 21 is such that it abuts to this roller 14. 

0022 

The main locker arm 1 is formed in a short form of length on a plane view diagram, and a sub-locker 
arm 2 is provided on the opening formed parallel to the roller 14. The base end of the sub-locker arm 
2 is connected with ability to rotate relatively with the main locker arm 1 through the sub-locker shaft 
16. While the sub-locker shaft 16 is secured with the ability to swing into the hole 17 formed on the 
sub-locker arm 2, it is inserted into the hole 18 formed in the main locker arm 1 . 
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0023 



The sub-locker arm 2, as shown in FIG. 3 and without holding the region that abuts to the air intake 
valve 9, has a cam follower 23 formed to the tip thereof to protrude in an arc shape for rubbing against 
the high speed cam 22, and a lost motion spring 25 is equipped through the lower side thereof for 
pressing the cam follower 23 onto the high speed cam 22. 

0024 

A cylindrical column shaped depression 26 is integrally formed to the main locker arm 1 for 
supporting the lost motion spring 25 placed directly below the sub-locker arm 2. The bottom end of 
the coil shaped lost motion spring 25 sits on the bottom surface 26a of the depression 26; and the top 
end abuts to an extension 28 integrally formed to the sub-locker arm 2 through a retainer 27 secured 
with the ability to slide into the depression 26. 

0025 

The low speed cam 21 and the high speed cam 22 are respectively integrally formed to a common 
cam shaft 72, and are formed in different shapes (including similar shapes of differing sizes) so as to 
satisfy the valve lift properties required at the time of low revolution speed and high revolution speed 
of the engine. With this Embodiment, the high speed cam, as shown in FIG. 5, has a larger profile as 
compared to the low speed cam 21 in terms of both amount of valve lift and operating angle (open 
valve time). 

0026 

Plungers 33, 31, 34 are secured with the ability to slide across the main locker arm 1 and sub-locker 
arm 2 in order to suitably connect to both the locker arms 1 and 2. A hydraulic path 43 is connected 
to the rear of the plunger 33 constituting the actuator, and a return spring 38 is equipped at the rear of 
the plunger 34. 

0027 

When the operation hydraulics leading from the hydraulics path 43 is low, the plungers 33 and 31 
gather respectively at the sub-locker arm 2 and the main locker arm 1 by the energizing of the return 
spring 38 and do not restrict the swing of either. In other words, both are in a released state. 
Meanwhile, when the operation hydraulics leading from the hydraulics path 43 rises, the plungers 33 
and 3 1 slide while compressing the return spring 38, and integrally swing as one by connecting across 
to the main locker arm 1 and the sub-locker arm 2. 

0028 

The hydraulics path 43 is equipped through the interior of the main locker arm 1 and the main locker 
shaft 3, and the discharge oil from the oil pump 57 is lead through an electromagnetic switching valve 
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45 only at the time of a prescribed high revolution. 



0029 

Next, a description will be given of the valve timing adjusting mechanism 70. The valve timing 
adjusting mechanism 70 is equipped between the cam shaft 72 and the cam pulley 71, and changes 
the phasing of both according to the driving condition, and changes the opening and closing timing of 
the air intake valve 9. The cam pulley 71 transfers the rotational force from the crank shaft (not 
shown in the drawing) through the timing belt 66. 

0030 

As shown in FIG. 4, a cylindrical inner housing 65 is fastened to the end of the cam shaft 72 through 
a bolt 64. A cylindrical outer housing 63 is equipped attached with the ability to rotate around the 
periphery of the inner housing 65, and the cam pulley 71 is integrally formed to the outer housing 63. 

0031 

A ring-shaped helical gear 73 is equipped between the inner housing 65 and the outer housing 63. 
The helical gear 73 has a helical spline formed to the outer and inner periphery respectively, and each 
helical spline of the outer periphery of the inner housing 65 and the inner periphery of the outer 
housing 63 intermesh, and when the helical gear 73 moves in the axial direction, the inner housing 65 
rotates relatively against the outer housing 63 and the phasing of the cam shaft 72 changed relative to 
the cam pulley 71. 

0032 

The hydraulic chamber 75 between the inner housing 65, outer housing 63, and helical gear 73 is 
fractioned making the actuator. When the hydraulic force leading to the hydraulic chamber 75 rises 
to exceed a predetermined value, the helical gear 73 moves in the: axial direction by resisting the 
return spring 74 from its initial position, and the cam shaft 72 revolves in the direction to advance the 
opening and closing timing of the air intake valve 9. 

0033 

In other words, when the helical gear 73 is in its initial position, the opening and closing timing of the 
air intake valve 9 is relatively delayed as shown in the upper and lower portions of FIG. 5, and then 
the helical gear 73 is in maximum change, the opening and closing timing of the air intake valve 9 is 
relatively faster as shown in the middle portion of FIG. 5. 

0034 

The discharged hydraulics from the oil pump 57 is guided to the hydraulic chamber 75 through the 
axial hole 78 formed within the cam shaft 72, the oil gallery 59 formed on the cylinder head 69, the 
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orifice 77, and the main gallery 58 formed on the cylinder block 68. 
0035 

In order to appropriately release this hydraulic pressure, an electromagnetic switching valve 79 
controlled to open and close according to the engine driving condition is equipped to the other end of 
the cam shaft 72. The electromagnetic switching valve 79 reduces the hydraulic pressure guided to 
the hydraulic chamber 75 by opening the axial hole 78 as shown in the drawing at the time when 
current is not applied while raising the hydraulic pressure guided to the hydraulic chamber 75 by 
closing the axial hole 78 at the time of applying current. 

0036 

A control unit 51 is equipped for controlling the application of electric current to the electromagnetic 
switching valve 45 and electromagnetic switching valve 78 as the control means of the valve lift 
adjusting mechanism 40 and valve timing adjusting mechanism 70. 

0037 

The control unit 51 suppresses any sudden fluctuation on engine torque based on the input signals of 
the engine revolution speed signal, the engine load signal, the coolant temperature signal, and the 
supercharge pressure signal of air intake by the supercharger, and smoothly executes the switching of 
valve lift properties. 

0038 

Further, an oil temperature sensor 80 for detecting the lubricating oil temperature is equipped in an 
appropriate location in the lubricating system of the internal combustion engine, and the detection 
signal thereof is input into the control unit 5 1 . Moreover, the oil temperature may also be indirectly 
estimated from the engine coolant temperature without directly detecting the lubricating oil 
temperature in this manner. 

0039 

Next, a description will be given of the operation of the Embodiment. 
0040 

FIG. 5 is a descriptive diagram showing the control status of the valve lift adjusting mechanism 40 
and the valve timing adjusting mechanism 70 in relation to the engine driving conditions; and as 
shown in the drawing, the valve lift adjusting mechanism 40 selects the high speed cam 22, and the 
valve timing adjusting mechanism 70 is controlled to delay the open and closing time while in the 
engine high speed region. In this way, the valve overlap becomes larger. Moreover, the turning on 
of the electromagnetic switching valve 45 of the valve lift adjusting mechanism 40 corresponds to the 

11 



high speed cam 22 and the turning off thereof corresponds respectively to the low speed cam 21. In 
the same manner, the turning on of the electromagnetic switching valve 79 of the valve timing 
adjusting mechanism 70 corresponds to the side of advancing the opening and closing time while 
turning off respectfully corresponds to the delay side. In other words, when in high speed, the 
electromagnetic switching valve 45 is on and the electromagnetic switching valve 79 is off. 

0041 

At the engine low speed region, and the region of the high load side, the electromagnetic switching 
valve 45 turns off and the electromagnetic switching valve 79 turns on with the opening and closing 
timing moves to the advancement side with the low speed cam 21. 

0042 

Further, with the engine low speed region and the region of a low load side, both of the 
electromagnetic switching valves 45 and 79 turn off and with the opening and closing timing moves 
to the delay side with the low speed cam 21. 

0043 

With this type of on and off control of the electromagnetic switching valves 45 and 79, the engine 
drive condition can be performed based on the engine load and revolution speed with reference to the 
control map already provided in advance to the control unit 51. Moreover, since each of the 
electromagnetic switching valve 45 and electromagnetic switching valve 79 are controlled based on 
respectively differing control maps, and although the majority of FIG. 5 shows that both cannot be in 
the ON position at the same time, in actuality, the ON region has a portion of overlap and there is a 
possibility of both being ON at the same time. 

0044 

On the other hand, the control unit 51 is always monitoring the lubricating oil temperature for any 
abnormal temperature rise based on the temperature of the oil detected by the oil temperature sensor 
80. Further, if the oil temperature is detected to be above a preset temperature, the electromagnetic 
switching valves 45 and 79 are prohibited from moving to the ON operation. 

0045 

The flowcharts shown in FIG. 6 and FIG. 7 indicate the flow of specific control with step 1 of the 
main flowchart of FIG. 6 reading the engine driving condition represented by the load and revolution 
speed of the engine, and step 2 determining whether the valve timing adjusting mechanism 70, i.e. the 
electromagnetic switching valve 79, is in the ON region or not. If it is outside of the ON region at this 
point, it proceeds to step 3 and the electromagnetic switching valve 79 is turned off. Meanwhile, if it 
is in the ON region, it proceeds to step 4 and determines the state of the first permission flag FT based 
on the oil temperature. This permission flag FT indicates a 1 for a permitted state with the 
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electromagnetic switching valve 79 turned on, and 0 indicating a state in which turning on is 
prohibited. Accordingly, only in step 4 when the permission flag FT is 1 can it proceed to step 5 to 
turn on the electromagnetic switching valve 79. If the permission flag FT is 0, it proceeds to step 3 
and puts the electromagnetic switching valve 78 into the OFF position. At step 6, the engine drive 
condition is determined in the same way whether the valve lift adjusting mechanism 40, i.e. the 
electromagnetic switching valve 45, is in the ON region or not. If it is in the ON region, the 
electromagnetic switching valve 45 is turned ON (step 8 and step 9) as a condition that the second 
permission flag FL is a 1 indicating an ON permission state. In any other case, the electromagnetic 
switching valve 45 is turned OFF at step 7. 

0046 

The permission flags FT and FL are set in accordance with the flowchart of FIG. 7. In other words, 
step 1 1 reads the oil temperature T detected by the oil temperature sensor 80, and this is compared to 
the first preset temperature Tl and the second preset temperature T2 at step 12 and step 15 
respectively. If the actual oil temperature T is below the first preset temperature Tl, the first 
permission flag Ft is set to 1 (step 13), and if it is equal to or above the first preset temperature Tl, 
then the first permission flag FT is set to 0 (step 14). In the same way, if the actual oil temperature T 
is below the second preset temperature T2, the second permission flag FL is set to 1 (step 16), and if 
it is equal to or above the second preset temperature T2, then the second permission flag FL is set to 
0 (step 17). At this time, the first preset temperature Tl that is the prohibiting temperature to turning 
the valve timing adjusting mechanism 70, i.e. the electromagnetic switching valve 79, to the ON 
position, is set to be lower than the second preset temperature T2 that is the prohibiting temperature 
for turning the valve lift adjusting mechanism 40, i.e. the electromagnetic switching valve 45, to the 
ON position. 

0047 

Accordingly, with the present Embodiment, when the lubricating oil temperature rises abnormally, 
the electromagnetic switching valve 79 is first returned to the OFF position and then the 
electromagnetic switching valve 45 is returned to the OFF position. Therefore, the output of the 
internal combustion engine is controlled preventing the temperature of the lubricating oil from rising 
in excess. Further, a reduction in lubricating oil temperature is promoted. In addition, because a 
small time difference is provided at this time so that the two variable valve mechanisms, i.e. the valve 
timing adjusting mechanism 70 and the valve lift adjusting mechanism 40, do not switch at the same 
time, the torque fluctuation is moderated. Moreover, because the valve timing adjusting mechanism 
70 that successively changes the valve lift properties is made to turn OFF first, a sudden torque 
change is made all the more smooth. 

0048 

FIG. 8 shows a different Embodiment of the settings for the permission flags FT and FL. In this 
Embodiment, step 21 reads the oil temperature T detected by the oil temperature sensor 80 and this is 
compared in step 22 to the first preset temperature Tl. Moreover, in this Embodiment, the first preset 
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temperature Tl that is the prohibiting temperature for turning the electromagnetic switching valve 79 
to the ON position is set lower than the second preset temperature T2 that is the prohibiting 
temperature for turning the electromagnetic switching valve 45 to the ON position. If the actual oil 
temperature T is lower than the first preset oil temperature Tl , it proceeds to step 23, and sets the first 
permission flag FT and the second permission flag EL to 1 . If it is equal to or above the first preset 
temperature Tl , the first permission flag FT is set to 0 at step 24. Further, step 25 determines whether 
the engine driving condition is in the region for the valve lift adjusting mechanism 40, i.e. the 
electromagnetic switching valve 45, to be in the OFF position; and if it is in OFF region, step 26 sets 
the second permission flag FL to 0. If it is outside the OFF region, i.e. in the ON region, step 27 
further compares the oil temperature T with the second preset temperature T2, and when it is equal to 
or above the second preset temperature T2, the second permission flag FL is set to 0 at step 26. 

0049 

Accordingly, with this Embodiment, when the lubricating oil temperature rises abnormally, the 
electromagnetic switching valve 79 of the valve timing adjusting mechanism 70 immediately returns 
to the OFF state, and the output of the internal combustion engine is suppressed. Further, the 
electromagnetic switching valve 45 of the valve lift adjusting mechanism 40 returns to the OFF state 
for the first time at the time the driving condition goes outside of the ON region. Therefore, a sense 
of discomfort is not given with a sudden decrease in torque of the internal combustion engine occurs 
unexpectedly during his speed driving operation. 

0050 

A description is given of an Embodiment in which the present invention given above is applied to an 
internal combustion engine comprising two variable valve mechanisms on the air intake side; and the 
present invention can also be applied to an internal combustion engine that further comprises a 
plurality of variable valve mechanisms. Moreover, when comprising three of more variable valve 
mechanisms, the preset temperature may be made to differ among therein only for those having the 
potential for ON operation at the same time under the same driving condition. 

0051 

Further, the present invention can also be applied when equipping variable valve mechanism to the 
air intake side and exhaust side respectively. The flowchart of FIG. 9 indicates one example of 
control when equipping variable valve mechanisms at both the air intake side and the exhaust side. In 
other words, step 31 reads the oil temperature T detected by the oil temperature sensor 80, and this is 
compared respectively to the exhaust side preset temperature Te and the air intake side preset 
temperature Tl. When the actual oil temperature T is below the exhaust side preset temperature Te, 
the exhaust side permission flag Fe is set to 1 (step 33), and when it is equal to or above the exhaust 
side preset temperature Te, the exhaust side permission flag Fe is set to 0 (step 34). In the same way, 
when the actual oil temperature T is below the air intake side preset temperature Ti, the air intake side 
permission flag Fi is set to 1 (step 36), and when it is equal to or above the air intake side preset 
temperature Ti, the air intake permission flag Fi is set to 0 (step 37). Here, the exhaust side preset 
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temperature Te that is the prohibiting temperature for turning on the variable valve mechanism on the 
exhaust valve side is set lower than the air intake side preset temperature Ti that is the prohibiting 
temperature for turning on the variable valve mechanism on the air intake side. 

0052 

Accordingly, with this Embodiment, when the lubricating oil temperature rises abnormally, the 
exhaust side variable valve mechanism first returns to the OFF state and then the air intake side 
variable valve mechanism returns to the OFF state. Therefore, the output of the internal combustion 
engine is controlled, and a temperature rise to exceed that of the lubricating oil is prevented. Further, 
reduction of lubricating oil temperature is promoted. In addition, because a small time difference is 
provided at this time so that the variable valve mechanism of the exhaust side and the variable valve 
mechanism of the air intake side do not switch at the same time, the torque fluctuation is moderated. 
The sense of discomfort given to the driver is reduced because the exhaust side having the smaller 
affect on torque is switched first to the OFF state. 

0053 

Effect of the Invention 

The present invention, as is evident from the above description, at the time the lubricating oil 
temperature excessively rises, the variable valve mechanism switches to control the oil temperature 
rise thereby being able to avoid lubricating deficiencies. Further at this time, torque change can be 
moderated by sequential switching without switching the plurality of variable valve mechanisms all 
at once based on the oil temperature. 

0054 

Especially, according to the invention in claim 2, because the variable valve mechanisms for 
consecutively changing the valve lift properties are given priority in switching and the variable valve 
mechanisms for gradually changing the valve lift properties are switched thereafter, torque change 
can be made all the more smooth. 

0055 

According to the invention in claim 3, there is no occurance of sudden torque change during normal 
driving. 

0056 

Especially, sudden torque change can be avoided by delaying switching by the oil temperature of the 
mechanisms by equipping mechanisms for changing the valve lift properties by switching between a 
low speed cam and a high speed cam as described in claim 4. 
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0057 

With the invention of claim 5, torque change can be suppressed because the exhaust valve side having 
the small affect on torque is switched first. 

Brief Description of Drawings 

FIG 1 is a composition description diagram showing one Embodiment of the variable valve device 
that relates to the present invention. 

FIG 2 is an exploded plane view diagram of the locker arm unit thereof. 

FIG 3 is a cross sectional drawing of the same locker arm unit. 

FIG 4 is a cross sectional drawing of the valve timing adjusting mechanism. 

FIG 5 is a diagram of the valve lift properties of the present Embodiment. 

FIG 6 is a flowchart showing the flow of control of each valve lift mechanism according to the 
driving conditions. 

FIG 7 is a flowchart showing the process for setting the permission flags based on the oil temperature. 
FIG 8 is a flowchart showing a different Embodiment. 

FIG 9 is a flowchart showing the Embodiment which comprises variable valve mechanisms for both 
the air intake valve side and the exhaust valve side. 

Description of the Reference Codes 

40 Valve lift adjusting mechanism 

45 Electromagnetic switching valve 

51 Control unit 

70 Valve timing adjusting mechanism 

79 Electromagnetic switching valve 

80 Oil temperature senor 

Drawings 

Figure 1 - Figure 4 



16 



Figures 



Driving Condition 


Electromagnetic 
switching valve 79 


Electromagnetic 
switching valve 45 


Valve lift Properties 


Low RPM 
Low Load 


OFF 


OFF 


Exhaust Valve 


Air Intake Valve 


Low RPM 
High Load 


ON 


OFF 


Exhaust Valve 


Air Intake Valve 


High RPM 


OFF 


ON 


Exhaust Valve 


Air Intake Valve 



Figure 6 
START 

51 Read driving conditions 

52 Is VCT in OB region? YES NO 

53 Switching valve 79 OFF 

54 FT = 1? YES NO 

55 Switching valve 79 ON 

56 Is WL in ON region? 

57 Switching valve 45 OFF 

58 FL=1? 

59 Switching valve 45 ON 
RETURN 



Figure 7 
START 

5 1 1 Read oil temperature T 

512 T1:T1? 

513 FT = 1 

5 1 4 First permission flag FT = 0 

515 T2:T? 

516 FL = 1 

5 1 7 Second permission flag FL = 0 
RETURN 

FigureS 
START 

52 1 Read oil temperature T 

522 Tl : T? 

523 FT = 1, FL= 1 

524 First permission flag FT = 0 
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525 Is WL in OFF region? YES NO 

526 Second permission flag FL = 0 

527 T2 : T? 
RETURN 



Figure 9 
START 

53 1 Read oil temperature T 

532 Te : T? 

533 Fe= 1 

534 Exhaust side permission flag Fe = 0 

535 Ti:T? 

536 Fi= 1 

537 Air intake permission flag Fi = 0 
RETURN 



